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the plurality of carriers along the track.

20 Claims, 13 Drawing Sheets

70
[

RAL 2

1 VRe b1 - 480vac
1

— ag0vAC

RAIL ¥3

- 4B0VAT

()

— GRUUND

| CARRIER,
& oMnToR B

114

T~

SHOE]

ICGLLECTDR




U.S. Patent Aug. 4, 2015 Sheet 1 of 13 US 9,096,145 B2

/|
p

/100
=

150



US 9,096,145 B2

Sheet 2 of 13

Aug. 4, 2015

U.S. Patent

AOHS A0L3377100

7 0LOW 4

./ IR E)tISe / ¢ ol
495
142
—y
T~ o
Y
N INNOHD - 7% 1199 /]
iz JvAUBy - £ TIvd I 1
AL WAIBY - 2¥ TIvY I ]
i wassy - v\ [ )
AVE §0LONANGD ,:\
ccl
ocl
ech
aNg aNNOND
& = jowngn 39
It
i M S«@zuu 3804
]l
ﬁ\v//m 6¢.m28 3804
L33INNO3SIT
el mﬁ\



US 9,096,145 B2

Sheet 3 of 13

Aug. 4, 2015

U.S. Patent

€ 9ld

HOLINANDS HiM
THVHONOR

143

24"

L

CCl

/ {




U.S. Patent Aug. 4, 2015 Sheet 4 of 13 US 9,096,145 B2

TOME 3

FIG. 4

136

110

7y

112/ \

77y

134
112

715

F§xt

T

12

1

132




US 9,096,145 B2

Sheet 5 0of 13

Aug. 4, 2015

U.S. Patent

¢ old

oLl 0Ll oLl oLl aLl

)
9el el cel
/€1

9/1 001 Vil

cll



US 9,096,145 B2

9 '9ld o f S e

U ANOY £ QA ) 4% «GLON Qi

© 0L S YA ) i Fre /s

\ Y §aex 7y B ™ & ol n
peL fo Rl

cel—>» E

Sheet 6 of 13

Aug. 4, 2015

U.S. Patent

¥OLINANDO HLM
VHONON :
7 \ 9l TR
£33 G
6€1l 1 <%
BOANGE L 3 - 5
vel — ; y 2
o e !
141" VoD L s u i3 / & L
\ o i

cel cll



US 9,096,145 B2

Sheet 7 of 13

Aug. 4, 2015

U.S. Patent

JARSIE!

NOLVOINANAQD
IWNOILDO

HOLINANDS HiM
THVHONOR

/
6EL

147

B OANQY £ XeB

mﬁ\v

L€l
/

o3l ¢

wo

P

Y OINCL B

it o

e

91¢

vic




US 9,096,145 B2

Sheet 8 of 13

Aug. 4, 2015

U.S. Patent

& D INGE © G

AN

o€l \
bl \

£ 3HOT £ GA

LHOLON S
£
’
-

V8 "Old

\ ¥ AMOR © USA

Vil

¢l

CUOLOK

VOGRS



US 9,096,145 B2

Sheet 9 of 13

Aug. 4, 2015

U.S. Patent

g8 'old

Nkl N 9/l
<« ol 2
> 3N & G 7 30T £ Gk \ \

ioNe =

ANl e R S T T
\ | ¥ W02 % dsh a % @it
el T % e [Kegl e

Vil
¢l \
R Y Nm_\ vOERUE L G




US 9,096,145 B2

Sheet 10 of 13

Aug. 4, 2015

U.S. Patent

9¢l

Ny

oLl

Ll —

08 9Old

D INGE T QsA

£ 3HOT £ G

[ 3

9.1
y oLl

cel

~

\
el

AR N N
~

LEL

il

o ORRGR SR

cel




US 9,096,145 B2

Sheet 11 of 13

Aug. 4, 2015

U.S. Patent

HOLINANDS HiM
THVHONOR

Vil

6 9l

NNM\J \S&.ﬂuri-l-.-l:l_-l l:l:l:l-l-‘

0ce

\ yee




US 9,096,145 B2

Sheet 12 of 13

Aug. 4, 2015

U.S. Patent

0l 914

£ BNOL 1¥¥ISII08

NLNOD
QIHEAR 504
NOLVOINANAQD
IWNOILDO

WINOD ONY dve
HOLINANDS HiM
THVHONOR

/
BEL

va\ \
0cy

147"

oLy

P {En S




US 9,096,145 B2

Sheet 13 of 13

Aug. 4, 2015

U.S. Patent

Ll Ol

4D
fi
J

[
i \ﬂh m

W-isri8 Wd

§

TR F A AP el S

Zasu o
LY~0001D N

@

]

] i
B SN
b e (ol ] -

3Rz

c09



US 9,096,145 B2

1
ELECTRIFIED MONORAIL CONVEYOR
SYSTEM

PRIORITY

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/644,242, filed May 8, 2012, entitled
“Electrified Monorail Conveyer Systems (EMS),” the disclo-
sure of which is incorporated by reference herein.

BACKGROUND

An EMS is a conveyor system that is “electrified” via
conductor bar installed on the conveying rail and a collector
shoe system installed on the carriers that travel on the mono-
rail. The conductor bar system provides power, control sig-
nals, and/or communication. This is then transferred to the
mobile carrier over collector shoes to the onboard control
system. Onboard controls typically consist of a PLC, VFD,
sensors, relays, terminals, panel housing, etc. This makes the
mobile carrier “smart” and works with the overall system
control. This controls arrangement is then repeated on every
carrier in the system. As the quantity of carriers in the system
increase, so do the overall controls components within the
system and overall cost and complexity.

While a variety of electrified monorail conveyer systems
have been made and used, itis believed that no one prior to the
inventor(s) has made or used an invention as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims which par-
ticularly point out and distinctly claim the invention, it is
believed the present invention will be better understood from
the following description of certain examples taken in con-
junction with the accompanying drawings, in which like ref-
erence numerals identify the same elements and in which:

FIG. 1 depicts a top diagrammatic view of an exemplary
electrified monorail system;

FIG. 2 depicts an enlarged diagrammatic view of the elec-
trified monorail system of FIG. 1 showing the conductor bar;

FIG. 3 depicts a schematic view of the interface between
the conductor bar and the collector shoe of the electrified
monorail system of FIG. 1;

FIG. 4 depicts a diagrammatic view of diagrammatic view
of a carrier advancing from one zone to another in the elec-
trified monorail system of FIG. 1;

FIG. 5 depicts a diagrammatic view of the electrified
monorail system of FIG. 1 with an overlap region;

FIG. 6 depicts a schematic view of the interface between
the conductor bar and the collector shoe of the electrified
monorail system of FIG. 5;

FIG. 7 depicts a schematic view of braking zones of the
electrified monorail system of FIG. 5 showing the interface
between the brake zones and the collector shoe;

FIG. 8A shows a diagrammatic view of the electrified
monorail system of FIG. 6 showing carriers advancing from
one zone to another;

FIG. 8B shows a diagrammatic view of the electrified
monorail system of FIG. 8A with the carriers advanced
another zone;

FIG. 8C shows a diagrammatic view of the electrified
monorail system of FIG. 8 A with the carriers advanced yet
another zone;

FIG. 9 shows an enlarged diagrammatic view of an alter-
native exemplary conductor bar with an optional communi-
cation connection;
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2

FIG. 10 shows an enlarged diagrammatic view of an alter-
native exemplary conductor bar with a soft start device and a
collector shoe; and

FIG. 11 shows a top diagrammatic view of an alternative
exemplary electrified monorail system with a different shape.

The drawings are not intended to be limiting in any way,
and it is contemplated that various embodiments of the inven-
tion may be carried out in a variety of other ways, including
those not necessarily depicted in the drawings. The accom-
panying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present inven-
tion, and together with the description serve to explain the
principles of the invention; it being understood, however, that
this invention is not limited to the precise arrangements
shown.

DETAILED DESCRIPTION

The following description of certain examples of the inven-
tion should not be used to limit the scope of the present
invention. Other examples, features, aspects, embodiments,
and advantages of the invention will become apparent to those
skilled in the art from the following description, which is by
way of illustration, one mode contemplated for carrying out
the invention. As will be realized, the invention is capable of
other different and obvious aspects, all without departing
from the invention. Accordingly, the drawings and descrip-
tions should be regarded as illustrative in nature and not
restrictive.

FIG. 1 shows an exemplary electrified monorail system
(100) (hereinafter “EMS”). EMS (100) comprises at least one
carrier (110), a conductor bar (120), a plurality of VFD
regions (150), and one or more variable frequency drives
(130) (hereinafter “VFD”). Each of the carriers (110)
includes a collector shoe (114) and a motor (112). It will be
understood that carriers (110) are operable to travel around
EMS (100) along the path provided by conductor bar (120). In
the exemplary version, a rounded rectangular path for con-
ductor bar (120) is shown, but it will be appreciated that
conductor bar (120) may be shaped as any suitable path for
carriers (110) as would be apparent to one of ordinary skill in
the art in view of the teachings herein.

Collector shoe (114) is operable to connect carrier (110)
with conductor bar (120). VFD (130) is in communication
with conductor bar (120), which in turn is in communication
with motor (112) of carrier (110). Thus VFD (130) uses
collector shoe (114) to engage motor (112). As a result, VFD
(130) is operable to provide power to run motor (112), which
drives carrier (110) around conductor bar (120). It will be
appreciated that carriers (110) may be configured to advance
around conductor bar (120) in a clockwise manner. However,
in some versions, carriers (110) may be driven around con-
ductor bar (120) in a counterclockwise manner. In other ver-
sions of EMS (100), it will further be understood that carrier
(110) may be driven in a non-circular manner according to the
path defined by conductor bar (120). VFDs (130) are config-
ured to be remotely controlled by a user or other program such
that VFDs (130) may be directed to instruct movement of
carriers (110).

Portions of EMS (100) are divided into zones (150). In the
exemplary version, five VFD regions (150) are shown that
form EMS (100), but in other versions, any suitable number of
zones may be used as would be apparent to one of ordinary
skill in the art in view of the teachings herein. VFDs (130) are
distributed among VFD regions (150) such that one VFD
(130) is assigned to every VFD region (150). As aresult, each
VFD (130) is operable to provide power to carriers (110) as



US 9,096,145 B2

3

they advance through VFD regions (150). In some instances,
VFD (130) may comprise an ALLEN BRADLEY PowerFlex
775 AC Drive from Rockwell Automation located in Milwau-
kee, Wis. VFD (130) may be configured to provide Ethernet/
IP connectors, provide air cooling, and provide AC input with
DC terminals. However, it will be understood that any suit-
able VFD (130) may be used as would be apparent to one of
ordinary skill in the art in view of the teachings herein.

Carrier (110) comprises motor (112) and collector shoe
(114). Collector shoe (114) is operable to engage conductor
bar (120). It will be appreciated that collector shoe (114) and
conductor bar (120) may engage each other electrically or
mechanically or through any other suitable method as would
be apparent to one of ordinary skill in the art in view of the
teachings herein. Motor (112) is operable to be powered by
VFD (130) through conductor bar (120). Motor (112) in the
exemplary version may include a gear motor such as a sew
helical/worm gear motor. Such a motor (112) may be oper-
able to provide for instance a 1,044 inch/Ibs of torque with a
motor RPM of 1690 and an output RPM of 44.21. However,
it will be understood that other suitable motors (112) operable
to drive carrier (110) may be used as would be apparent to one
of ordinary skill in the art in view of the teachings herein. As
will be described in further detail below, conductor bar (120)
is operable to carry a variety of rails. In the exemplary ver-
sion, motor (112) includes an AC powered motor, though it
will be understood that any suitable AC or DC powered motor
may be used as would be apparent to one of ordinary skill in
the art. Driving carrier (110) along conductor bar (120) will
be described in further detail below.

FIG. 2 shows a more detailed view of the interaction
between carrier (110) and conductor bar (120). Conductor bar
(120) is in communication with collector shoe (114). Con-
ductor bar (120) comprises a plurality of power rails (122)
configured to deliver power to carrier (110). In particular,
rails (122) are operable to deliver 480 VAC power. However,
it will be understood that any suitable power amount may be
provided to carrier (110). For instance, any suitable voltage
rating and either AC or DC current could be provided. Other
suitable parameters may be used as would be apparent to one
of ordinary skill in the art in view of the teachings herein.
Furthermore, conductor bar (120) comprises a ground (123).
Power rails (122) are in communication with switches (124)
and fuses (125) operable to halt the flow of current through
conductor bar (120).

Rails (122) deliver power to carrier (110) through collector
shoe (114). Collector shoe (114) may be configured to engage
conductor bar (120) through a power contactor. Such a con-
tactor may include an ALLEN BRADLEY 280 full voltage
start, having an Ethernet/IP interface, and rated at 24VDC and
25 A. It will be appreciated however that any suitable means
for establishing communication between conductor bar (120)
and collector shoe (114) may be used as would be apparent to
one of ordinary skill in the art in view of the teachings herein.
Collector shoe (114) is in communication with motor (112).
Thus, rails (122) are operable to deliver power to motor (112).
Motor (112) is then operable to advance carrier (110) along
conductor bar (120). While the exemplary version shows a
single motor (112), it will be appreciated that any suitable
number of motors (113) may be used as would be apparent to
one of ordinary skill in the art in view of the teachings herein.

FIG. 3 shows a more detailed view of collector shoe (114)
and conductor bar (120). Each VFD region (150) (shown in
FIG. 1) comprises a plurality of zones (132, 134, 136). In the
exemplary version, three zones (132, 134, 136) are used, but
it will be appreciated that any suitable number of zones may
be used as would be apparent to one of ordinary skill in the art
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in view of the teachings herein. For instance, two, four, five or
more zones may be used. In the exemplary version, each VFD
region (150) comprises a first zone (132), a second zone
(134), and a third zone (136). VFD (130) is configured to
power each of zones (132, 134, 136) independently, though it
will be understood that VFD (130) may power more than one
of zone (132, 134, 136) at a time. The illustrated version
shows VFDs (130) serially aligned and adjacent with each
other. Rails (122) of conductor bar (120) branch off into a first
zone (132), a second zone (134), and a third zone (136). Any
of zones (132, 134, 136) may engage collector shoe (114).
Collector shoe (114) comprises interface leads (138) operable
to establish electrical communication with any of zones (132,
134,136). Collector shoe (114) further comprises an optional
communication connection (139), which may be used for
hybrid controls, which will be discussed in further detail
below.

Leads (138) are configured to match with leads (141) of
zones (132, 134, 136). Once collector shoe (114) engages a
zone, such as first zone (132), conductor bar (120) is operable
to deliver power through collector shoe (114) to motor (112)
of carrier (114).

FIG. 4 shows an exemplary motion of carrier (110) from
the first zone (132) to the second zone (134). It will be appre-
ciated in some cases, a single carrier (110) may contain three
motors (112). In other cases, a single carrier (110) may have
a two or a single motor (112). Other suitable configurations
will be apparent to one of ordinary skill in the art in view of
the teachings herein. First zone (132) is energized by conduc-
tor bar (120), thereby providing power to motor (112). As
motor (112) is powered, carrier (110) advances from first
zone (132) to second zone (134). As carrier (110) advances to
second zone (134), first zone (132) becomes de-energized. It
will be appreciated that first zone (132) and second zone (134)
are equipped with sensors, etc. or other suitable mechanisms
operable to determine the presence of carrier (110). Once
carrier (110) reaches second zone (134), second zone (134)
becomes energized and powers carrier (110). Subsequently,
motor (112) would continue to advance carrier (110) to third
zone (136). Once in third zone (136), second zone (134)
would no longer be energized and third zone (136) would
become energized to continue movement of carrier (110).

FIG. 5 shows a version of EMS (100) having an overlap-
ping region (137). In particular, a first VFD region (172), a
second VFD region (174), and a third VFD region (176) are
serially, adjacently positioned. Each VFD region (172, 174,
176) are regions (150) powered by a single VFD (130). Adja-
cent VFDs (130) are positioned close enough together such
that third zone (136) of first VFD region (172) and first zone
(132) of second VFD region (174) forms overlapping region
(137). It will be understood that overlapping region (137) may
be powered by more than one VFD (130). In particular, VFD
(130) of first VFD region (172) or VFD (130) of second VFD
region (172) may power overlapping region (137). It will be
understood that a logic controller may be integrally formed
with VFDs (130) or any other component of EMS (100) such
that no single overlapping region (137) is powered by the
same VFD (130) at any one time.

FIG. 6 shows an enlarged schematic diagram of how VFDs
(130) would interact with collector shoe (114). VFDs (130),
as seen in the illustrated version are positioned adjacent to
each other such that first zone (132) from one VFD (130) (for
instance, from second VFD region (174)) are in communica-
tion with third zone (136) of the adjacent VFD (130) (for
instance, from first VFD region (172)), thereby forming over-
lapping region (137). It will be appreciated that in the exem-
plary version, overlapping region (137) may be powered by
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either VFD (130) of first VFD region (172) or VFD (130) of
second VFD region (174). Furthermore, for the next overlap-
ping region (137) either VFD (130) of second VFD region
(174) or VFD of third VFD region (176) may be operable to
provide power to the next overlapping region (137). It will be
understood that such a configuration may be continued along
the length of EMS (100). It will further be understood that
such a configuration may be used in only a portion of EMS
(100). Other suitable configurations will be apparent to one of
ordinary skill in the art in view of the teachings herein.

Collector shoe (114) is in communication with carrier
(110) as shown above. In the exemplary version, collector
shoe (114) includes interface leads (138). Interface leads
(138) are operable to engage any of first zone (132), second
zone (134), or overlapping region (137) as collector shoe
(114) advances along conductor bar (120). When interface
leads (138) engage any of first zone (132), second zone (134),
or overlapping region (137), of the respective VFD (130),
VFD (130) is then able to energize interface leads (138) of
collector shoe (114). Collector shoe (114) also includes
optional communication connection (139), which may be
used for hybrid controls, which will be discussed in further
detail below.

Furthermore, collector shoe (114) includes brake interface
(143) operable to interface with any of first zone (132), sec-
ond zone (134), overlapping region (137), or third zone (136).
In particular, turning to FIG. 7, brake interface (143) is oper-
able to engage a first brake zone (133), a second brake zone
(135), a third brake zone (145), or overlapping brake zone
(131). It will be understood that each of brake zones (133,
135,145, 131) have interfaces operable to engage brake inter-
face (143). As also seen in FIG. 7, first brake zone (133),
second brake zone (135), third brake zone (145), and over-
lapping brake zone (131) are grouped into first brake region
(272), second brake region (274), and third brake region
(276). It will be understood that first brake region (272) cor-
responds to first VFD region (172), second brake region (274)
corresponds to second VFD region (174), and third brake
region (276) corresponds to third VFD region (176). Once
engaged by brake interface (143), first brake zone (133),
second brake zone (135), third brake zone (145), or overlap-
ping brake zone (131) are configured to control braking of
carrier (110) through brake interface (143). First brake region
(272), second brake region (274) and third brake region (276)
are configured to send instructions regarding braking of car-
rier (110) through braking interface (143).

FIGS. 8A-8C show an exemplary movement of carrier
(110) through VFD regions of EMS (100). In particular, car-
rier (110) moves from first VFD region (172) to second VFD
region (174) to third VFD region (176). In FIG. 8A, a carrier
(110) has moved from first zone (132) to second zone (134) of
first VFD region (172). Another carrier (110) has moved from
overlapping region (131) to second zone (134) of second VFD
region (174). Finally a third carrier (110) has moved from
second zone (134) to third zone (136) of third VFD region
(176). It will be understood that all three carriers (110) may
move at the same time.

For instance, when carrier (110) moves from first zone
(132) to second zone (134) of first VFD region (172), first
zone (132) energizes carrier (110) such that motor (112)
advances carrier (110) to second zone (134). Upon leaving
first zone (132), first zone (132) de-energizes. It will be appre-
ciated that when carrier (110) moves from first zone (132) to
second zone (134), one or more motors (112) may be posi-
tioned in first zone (132) and second zone (134) simulta-
neously such that different motors (112) of a single carrier
(110) may be powered by different zones. In other words,
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motors (112) of a carrier (110) may straddle two zones (132,
134) and receive power directed to different motors (112)
within carrier (110) from the separate zones (132, 134). How-
ever, it will be understood that a single motor (112) is not
powered by both first zone (132) and second zone (134)
simultaneously. It will further be appreciated that other car-
riers (110) may be powered as they move through VFD
regions (172, 174, 176) in a similar manner

FIG. 8B shows carrier (110) leaving second zone (134) of
first VFD region (172) and entering overlapping region (131)
between first VFD region (172) and second VFD region
(174). Another carrier (110) leaves second zone (134) of
second VFD region (174) to enter overlapping region (131) of
second VFD region (174). Finally, a third carrier (110) leaves
second zone (134) to enter third zone of third VFD region
(176).

FIG. 8C shows carriers (110) continuing the path by a
carrier (110) moving from second zone (134) of first VFD
region (172) to overlapping region (131) between first VFD
region (172) and second VFD region (174). Furthermore
another carrier (110) moves from overlapping region (131)
between second VFD region (174) and third VFD region
(176) to second zone (134) of third VFD region (134). It will
be understood that the motion and movements shown in
FIGS. 8A-8C are merely exemplary and other suitable
motions and numbers of carriers (110) may be used as would
be apparent to one of ordinary skill in the art in view of the
teachings herein.

FIG. 9 shows collector shoe (114) with an alternative
exemplary conductor bar (320). Conductor bar (320) com-
prises a plurality of rails (322), a ground (323), and an
optional communication rail (324). It will be understood that
rails (322) and ground (323) are substantially similar to rails
(122) and ground (123) of FIG. 2. Optional communication
rail (324) is configured to engage optional communication
connection (139). It will be appreciated that in some versions,
optional communication connection (139) may comprise a
leaky coaxial communication cable. It will further be under-
stood that communication between optional communication
rail (324) and optional communication connection (139) may
be established through a non-contact antenna. However, it
will be understood that optional communication rail (324)
and optional communication connection (139) may comprise
any suitable communicating components or may communi-
cate through any suitable means as would be apparent to one
of ordinary skill in the art in view of the teachings here. In
some instances as described above, optional communication
rail (324) and optional communication connection (139) need
not be in direct contact to communicate. Optional communi-
cation rail (324) is configured to communicate with a
remotely positioned control board such that instructions,
commands, etc. may be sent to each carrier (110) through
optional communication rail (324). Furthermore, it will be
appreciated that in some versions, a separate VFD (130) may
be incorporated with each carrier (110), which then requires
optional communication rail (324) to establish communica-
tion with each carrier (110) to provide instructions, etc. to
each individual carrier (110). However, it will be understood
that other configurations will be apparent to one of ordinary
skill in the art in view of the teachings herein.

It will be appreciated that in some instances, it may be
desirable to control the speed at which motor (112) starts the
movement of carrier (110). FIG. 10 shows collector shoe
(114) and a soft start device (410). A conductor bar (420)
having a plurality of rails (422) are in selective communica-
tion with collector shoe (114). It will be understood that
conductor bar (420) and plurality of rails (422) are substan-
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tially similar to conductor bar (120) and rails (122) of FIG. 2.
Soft start device (410) is in communication with rails (422). It
will be understood that soft start device (410) may include a
single chip or a plurality of chips operable to limit torque with
voltage and/or current such that motors (112) start gradually
rather than instantly. In some instances, soft start device (410)
comprises an ALLEN BRADLEY Bulletin 283 ArmorStart
Solid State Motor Control Device having a rating of 24V DC
and 25 A operable to provide output current from 6.3 A to 16
A. However, it will be understood that any suitable motor
control device may be used for soft start device (410) as
would be apparent to one of ordinary skill in the art in view of
the teachings herein.

FIG. 11 shows another exemplary EMS (500) having a
different shape than EMS (100) of FIG. 1. It will be appreci-
ated that while a rounded rectangular shape was shown in
FIG. 1, and a similar shape with a bypass rail (502) is shown
in FIG. 11, any suitable shape for EMS (500) may be used as
would be apparent to one of ordinary skill in the art in view of
the teachings herein.

It should be understood that any one or more of the teach-
ings, expressions, embodiments, examples, etc. described
herein may be combined with any one or more of the other
teachings, expressions, embodiments, examples, etc. that are
described herein. The following-described teachings, expres-
sions, embodiments, examples, etc. should therefore not be
viewed in isolation relative to each other.

Various suitable ways in which the teachings herein may be
combined will be readily apparent to those of ordinary skill in
the art in view of the teachings herein. Such modifications and
variations are intended to be included within the scope of the
claims.

Having shown and described various embodiments of the
present invention, further adaptations of the methods and
systems described herein may be accomplished by appropri-
ate modifications by one of ordinary skill in the art without
departing from the scope of the present invention. Several of
such potential modifications have been mentioned, and others
will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions,
ratios, steps, and the like discussed above are illustrative and
are not required. Accordingly, the scope of the present inven-
tion should be considered in terms of the following claims and
is understood not to be limited to the details of structure and
operation shown and described in the specification and draw-
ings.

We claim:

1. An apparatus comprising:

(a) at least a portion of a conductor bar operable to form a

portion of a track for carriers;

(b) a plurality of carriers operable to engage the at least a
portion of a conductor bar, wherein the plurality of car-
riers are configured to advance along the track; and

(c) at least one variable frequency driver configured to
drive at least two carriers along the track;

wherein the at least one variable frequency driver com-
prises a first variable frequency driver and a second
variable frequency driver, wherein the first variable fre-
quency driver and the second variable frequency driver
are configured to alternatingly provide power to each of
the plurality of carriers.

2. The apparatus of claim 1, wherein the at least one vari-
able frequency driver is configured to communicate with the
plurality of carriers through a collector shoe.

3. The apparatus of claim 2, wherein collector shoe com-
prises a plurality of interface leads and an optional commu-
nication interface.
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4. The apparatus of claim 1, further comprising a zone,
wherein the zone is defined by a portion of the conductor bar,
wherein each of the at least one variable frequency drivers is
configured to drive the plurality of carriers through three
zones.

5. The apparatus of claim 1, wherein the conductor bar
comprises a plurality of power rails extending therethrough.

6. The apparatus of claim 1, wherein the at least one vari-
able frequency driver is remotely positioned in relation to the
plurality of carriers.

7. The apparatus of claim 1, further comprising a soft start
device in communication with the conductor bar, wherein the
soft start device is configured to smooth the initiation of
movement of the plurality of carriers.

8. The apparatus of claim 1, wherein each of the plurality of
carriers comprises three motors configured to advance the
carrier along the conductor bar.

9. The apparatus of claim 8, wherein the at least one vari-
able frequency driver comprises a first variable frequency
driver and a second variable frequency driver, wherein the
first variable frequency driver is configured to power one of
the three motors while the second variable frequency driver is
configured to power two of the three motors.

10. The apparatus of claim 1, further comprising one or
more sensors in communication with the conductor bar con-
figured to determine the presence of one of the plurality of
carriers.

11. The apparatus of claim 1, wherein the conductor bar
comprises one or more brake zones configured to engage one
or more brake interfaces on the plurality of carriers.

12. The apparatus of claim 1, wherein the at least one
variable frequency driver comprises a variable frequency
driver corresponding to the number of carriers, wherein each
of the variable frequency driver is positioned on the corre-
sponding carrier of the plurality of carriers.

13. The apparatus of claim 1, wherein each of the plurality
of carriers comprises a motor and a collector shoe having a
plurality of rail interfaces, wherein the collector shoe is con-
figured to selectively engage each of the variable frequency
drivers, therein the collector shoe is configured to directly
provide power to the motor.

14. An apparatus comprising:

(a) a conductor bar, wherein a portion of the conductor bar

defines a zone;

(b) a plurality of carriers configured to advance along the
conductor bar, wherein each of the plurality of carriers
comprises:

(1) a motor configured to advance the carrier; and
(ii) a collector shoe configured to engage the conductor
bar;

(c) at least two variable frequency drivers in selective com-
munication with the collector shoe of the plurality of
carriers, wherein each of the variable frequency drivers
are configured to serially provide power to each of the
plurality of carriers without simultaneously providing
power to each of the plurality of carriers.

15. The apparatus of claim 14, wherein the two variable
frequency drivers and a portion of the conductor bar forms an
overlapping region configured to power the plurality of car-
riers.

16. The apparatus of claim 15, wherein the two variable
frequency drivers are configured to alternatingly provide
power to the plurality of carriers.

17. The apparatus of claim 14, further comprising a soft
start device operable to smooth the initiation of the motor of
the plurality of carriers.
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18. A method of advancing a carrier along a conductor bar wherein the at least one variable frequency driver is
with a first variable frequency driver, a second variable fre- remotely positioned in relation to the plurality of car-
quency driver, a plurality of motors positioned on the carrier, riers.
and a collector shoe on the carrier, the method comprising:

(a) engaging the conductor bar with the collector shoe;

(b) providing power to the carrier via the first variable
frequency driver;

(c) driving the plurality of motors;

(d) advancing the carrier along the conductor bar;

(e) determining that the carrier has advanced along the

20. An apparatus comprising:

(a) at least a portion of a conductor bar operable to form a
portion of a track for carriers;

(b) a plurality of carriers operable to engage the at least a
portion of a conductor bar, wherein the plurality of car-
riers are configured to advance along the track; and

conductor bar; 1o (c) at least one variable frequency driver configured to
(f) halting the power to the carrier by the first variable drive at least two carriers along the track;
fr equency driver; and o ) wherein each of the plurality of carriers comprises three
(¢) providing power to the carrier via the second variable motors configured to advance the carrier along the
frequency driver. 15 conductor bar;
19. An apparatus comprising: wherein the at least one variable frequency driver com-
(a) at I?aSt aprI'th{(l ?fa COI}duc.tor bar operable to form a prises a first variable frequency driver and a second
portion of a track for carriers; variable frequency driver, wherein the first variable
(b) a plurality of carriers operable to engage the at least a f A
. . . requency driver is configured to power one of the
portion of a conductor bar, wherein the plurality of car- . .
20 three motors while the second variable frequency

riers are configured to advance along the track; and
(c) at least one variable frequency driver configured to
drive at least two carriers along the track;

driver is configured to power two of the three motors.

#* #* #* #* #*



